Ass~~acT.-The Puerto Rican gekkonids Sphaerodacfylus nicholsi and S. townsendi have been alternately considered as separate species or subspecies of the taxon S. nicholsi. In distribution these taxa are largely allopatric, but the presence of apparent intergrade populations in southcentral Puerto Rico suggest that they are not reproductively isolated. Hybridization between these two taxa may have become possible when extensive agriculture created a patchy field-and-woods environment that resulted in a mosaic of proximate populations of S. fownsendi, typically found in open coastal environments, and S. nicholsi, typically found in areas of dense vegetation and substantial ground cover.
Among the taxa of the gekkonid lizard genus Sphaerodactylus on Puerto Rico are two relatively small forms, S. nicholsi and S. townsendi, which have been alternately considered as separate species or as conspecifics. Grant (1931) originally described them as separate species, S. nicholsi and S. townsendi. Thomas and Schwartz (1966) considered S. townsendi to be a subspecies of the nominate species S. nicholsi based on similarities of morphology, coloration and the presence of apparent intergrade populations. Later, Schwartz et al. (1978) ac-corded them both specific rank once again. Differences in body size (S. townsendi is usually larger than S. nicholsi), one versus two postnasals, and the presence or absence of a cephalic crescent appear to be the only characters separating these taxa. Although possible intergrade populations exist in southcentral Puerto Rico, the general distributions of these taxa are essentially allopatric, making inferences about potential interbreeding, and hence systematic conclusions, difficult.
Initially we wanted to consider the questions of speciation and taxonomic status in the taxa S. nicholsi and S. townsendi using electrophoretic techniques. Electrophoretic data will not tell us unambiguously whether two populations are interbreeding or potentially capable of interbreeding, and as such these data do not address directly the pivotal roosevelti 8. Guanica question of speciation. But electrophoretic data do allow us to make inferences about gene flow and genetic differentiation, and consequently guide our decisions about questions of reproductive isolation and thus speciation and taxonomy. At best, measurements of gene flow are estimates, and, with allozyme data, these estimates are based on the distribution of alleles. Populations sharing alleles may be exchanging genes, or, as is usually the case, shared alleles may simply represent common ancestry. More insightful are unique alleles, for if one locus exhibits fixed allele differences between populations, the interpretation is that gene flow is restricted.
While the ability to estimate gene flow, however crudely, is useful when considering speciation, it can be superfluous in cases of allopatry and geographic isolation, where the question of the potential ability to interbreed remains. In these cases the contributions of electrophoretic data relate primarily to the degree of genetic differentiation between taxa.
We began with a pilot screening of allopatric populations samples of S. nicholsi, S. townsendi, and S . roosevelti. The latter, as a morphologically well defined species, served as our out-group. Initial results suggested that S. nicholsi and S. townsendi shared no alleles at two of 23 electrophoretic loci. These results implied not only that S. nicholsi and S. townsendi were not exchanging genes, which is expected in allopatric and potentially geographically isolated populations, but that genetic differentiation may have been substantial. Subsequent sampling, however, confounded the picture of fixed allele differences between taxa, and the systematic implications of these data remained unclear. In addition, electrophoretic samples from a suspected hybrid population offered an opportunity to address more directly the problem of reproductive isolation between the two taxa. Our problem therefore became two-fold: First, to what extent are S. nicholsi and S. townsendi genetically differentiated? Second, based on the genetic population structure and genetic affinities of the suspected hybrid population, to what extent are S. nicholsi and S. townsendi reproductively isolated? MATERIALS AND METHODS Live Sphaerodactylus were collected and identified in Puerto Rico as part of an ongoing investigation by one of us (Thomas) and shipped to UCLA; they were immediately stored frozen at -20°C. Localities and sample sizes are presented in Table 1 and Fig. 1 . Shortly after receipt, individuals were thawed and digestive tracts and eggs removed. Individuals were mechanically homogenized in approximately equal volumes of deionized water, and refrozen to assure maximum lysis of cell membranes. Because of small body size (median snout-vent length 20-30 mm; Thomas and Schwartz, 1966) uals; voucher specimens could not be saved. After thHwing and centrifugation at 21,000 g at Z°C for 30 minutes, the supernatant fractions were removed and sibjected to horizontal starch gel electrophoresis following Selander et al. (1971) and Yang et al. (1974) . The presumptive gene-loci, and the staining procedures, buffer systems and voltage potentials used to identify and separate the products are given in Table 2 . Electromorphs of specifically staining substrates were scored assuming that common electrophoretic mobility represented homologous products of the same allele. Locus nomenclature followed the recommendations of the Nomenclature Committee of the International Union of Biochemistry (1979) .
RESULTS AND DISCUSSION
The Loci: Loci Scored, Variability, and Heterozygosities.-The number of loci scored for each of the eight population samples investigated ranged from 17 to 23 because of inabilities to score several loci consistently. This was unfortunate because calculations of genetic distance (Nei, 1972) and genetic population structure could use either the minimum number of scored loci (17) and all populations, or maximum number and fewer selected populations. We favored the latter option using 23 loci consistently scored for five pop*ulations of Sphaerodactylus including two populations of S. nicholsi (1 and 2), one population of S. townsendi (5), the suspected hybrid population (4), and one population of S. roosevelti (Table 1) . Allele frequencies of all variable loci for all eight populations sampled, both those populations used in genetic calculations and those not used, are shown in Table 3 .
Of the 23 consistantly scored loci, 8 were monoallelic: Ldh-A, M-Mdh-A, SMdh-A, Me, Gtdh-A, Fum-A, Ga-3-Pdh-A, and Xdh-A. Three of the 15 variable (Selander et al., 1971) ; B: Lithium hydroxide, 20.0 V/cm 3 h r (Selander et al., 1971) ; C: Tris-EDTA-borate, 13.3 V/cm 4 hr (Selander et al., 1971) ; D: Tris-citrate-EDTA pH 7.0, 13.3 V/cm 4 hr (Avise et al., 1975) ; E: Tris-maleic-EDTA, 6.7 V/cm 4 hr (Selander et al., 1971) ; F: Tris-hydrochloric acid pH 8.5, 14.3 V/cm 2.5 hr (Selander et al., 1971) ; G: Tris-citrate-Borate (=Poulik) system, 14.3 V/cm 4 h r (Selander et al., 1971 );
H: Phosphate-citrate pH 7.0,5.7 V/cm 5 h r (Selander et al., 1971) . Potential voltage, volts per cm, is maximum; current was adjusted to maintain a maximum of 85 ma on systems B and G.
loci, CaBp, Ck-A, and Sod-A, were homoallelic exhibiting only interspecific variation with fixed allele differences between S. roosevelti and the other taxa. Moreover three heteroallelic loci, Ap, Ldh-B. and Iddh-A. exhibited low levels of variation with rare alleles found only in single heterozygous individuals. Levels of genic polymorphism found among the Sphaerodactylus taxa investigated were low to moderate (Table 4) Wright, 1978) . The range of values obtained for individual heterozygosity (H), varied from less than 1% in S. townsendi to greater than 7% in the suspected hybrids (Table  4 ). This suggests comparatively low genic variation in Sphaerodactylus. Although sample sizes were small-some populations were represented by only five individuals, and all calculations, except S. nicholsi, used single population samples-we believe they were adequate; Nei (1978) and Gorman and Renzi (1979) suggested that estimates of genic variation using very low sample sizes, as few as two individuals, may be fairly accurate providing 20 or more loci are surveyed. General comparisons of our estimates, however, may be misleading because we initially chose to elimiiate from investigation several highly variable and rapidly-evolving proteins (sensu Sarich, 1977) including esterases, some peptidases, and several general non-enzymatic proteins. These presumptive gene loci often contribute significantly to estimates of variability in other comparative studies. Therefore, the low levels of genic variation in Sphaerodactylus may be affected more by our choice and number of loci, and not so much by small samples. Consequently, the only valid comparisons of genic variability that may be made are between those populations used in our study. When this comparison is made, one observation is unambiguous: the suspected hybrids of Capitanejo exhibit genic variability that is appreciably higher than the other groups. Heterozygosity levels are two to ten times higher in the sample of suspected hybrids, and the portion of heteroallelic loci is a third of the highest values observed for any other single population.
Genetic Relationships.-Initial electrophoretic sampling of S. nicholsi and S. townsendi seemed to make a strong argument that these taxa were not exchanging genes. Alleles at two loci, Mpi-A and S-Aat-A, were absolutely different. Subsequent sampling confirmed the differences at the S-Aat-A locus, but for Mpi-A we found individuals in both taxa to be heterozygous for what we had initially considered alleles of S. nicholsi or S. townsendi (Table 3) . This weakened our argument, but it did not obliterate it because the differences at S-Aat-A still suggested that generally little or no gene flow occurred between S. nicholsi and S. townsendi. Furthermore, differences at Mpi-A remained essentially fixed. Only three of 70 individuals were found to be heterozygous at Mpi-A, and frequencies of "typical" alternative alleles of S. nicholsi or S. townsendi were only .05 in the other taxon. Thus, little evidence exists for gene flow between most allopatric populations of S. nicholsi and S. townsendi. But in allopatric models of speciation restricted gene flow is only the first step to reproductive isolation and speciation. The second step is ge- (Table 5) . D values between the out-group, S. roosevelti, and in-group ranged from 0.247 to 0.308. These values are within the range of values of about .20 or above found for sets of many other species (e.g., Ayala et al., 1974; Avise, 1976; Bezy et al., 1977; Gorman et al., 1980; Murphy, 1983 ) indicating that at least one species set in the genus Sphaerodactylus falls within the "norm" of genetic differentiation and speciation of unambiguously identified species. In contrast, D values for S. nicholsi to S. townsendi pairs were low, ranging from .086 to .089 (Table 5). These levels of genetic differentiation are well below those for most other species; indeed they are lower than the values of about I15 recorded for many subspecies sets (see above citations). Therefore, if D values alone are used as the sole arbitrators of specific status, we must assume, as suggested by Thomas and Schwartz (1966) , that S. nicholsi and S. townsendi are cons~ecific.
Nevertheless, the question must be considered further, for D values are not the final arbitrators; they are only phenetic expressions, and in the absence of substantial genetic differentiation they provide only negative evidence. Despite these general guidelines, abundant examples of reproductive isolation with little genetic differentiation exist in the literature. Gartside et al. (1977) , for example, could not electrophoretically distinguish two species of garter snake, Thamnophis sauritus and T. proximus, which are almost certainly not interbreeding. Kornfield et al. (1979) found D values of about .05 between reproductively isolated cichlids of the genus Tristramella. Patton et al. (1976) found little genetic differentiation between the kangaroo rats Dipodomys heermani and D. panamintinus. In pocket gophers of the Thomomys talpoides complex, in which cladogenesis is rapid and related to alterations of chromosome structure, potentially isolated taxa are nearly identical electrophoretically (Nevo et al., 1974) .
The final evaluation of speciation, therefore, rests in the degree of reproductive isolation between taxa. We were fortunate to be able to examine a possible hybrid population of S. nicholsi and S. townsendi.
Genetic Structure of the Hybrid Population at Capitanejo.-The suspected hybrid population at Capitanejo occurs in a zone of overlap between S. nicholsi and S. townsendi populations (Fig. 1) . Table  3 shows that most alleles in the Capitanejo population are shared with S. nicholsi and S. townsendi. The genetic structure of this suspected hybrid population allows an evaluation of the extent of reproductive isolation between S. nicholsi and S. townsendi. Three scenarios may be invoked: (1) S. nicholsi and S. townsendi are essentially reproduc-tively isolated and the Capitanejo population is a narrow parapatric zone of hybridization consisting largely of sterile F, hybrids, or (2) S. nicholsi-S. townsendi crosses are viable and represent all possible backcrosses in a zone of successful introgression between conspecific taxa, or (3) the locality is populated by some S. nicholsi, some S. townsendi, and some heterogeneous mixed types.
If the first scenario is realistic, F, individuals should be easily recognized by being heteroallelic for loci which exhibit fixed differences in proximate populations of S. townsendi and S. nicholsi. This is simply not the case. Indeed, no individuals sampled from the suspected hybrid population can be classified as F, individuals. To reiterate, fixed or essentially fixed differences occur between S. nicholsi and S . townsendi at the S-Aat-A and Mpi-A loci. Of the 23 suspected hybrids scored for Mpi-A, only 9 were heteroallelic for the common alleles of S. townsendi and S. nicholsi. At the S-Aat-A locus, none of the expected F, heterozygotes were found. Furthermore, two S-Aat-A alleles, S-Aat-A" and S-Aat-Ac, in the suspected hybrid population are unique, not being found in any sampled population of S. nicholsi or S. townsendi (Table 3) .
Our second scenario of ongoing introgression also seems improbable. As noted above, we do not have evidence that S. nicholsi has acquired S-Aat-A alleles of S, townsendi nor vice versa. Moreover, the presence of unique alleles at Capitanejo would seem to be incompatible with this scenario of introgression, and yet the presence of unique and rare alleles in hybrid zones is not unprecedented as discussed in more detail below.
Unique all'eles, notwithstanding the degree of genetic simil.arity and the distribution of alleles of the suspected hybrid zone. make the third scenario of a degree of parental reproductive compatibility the more realistic one. Apparently the hybrids are freely interbreeding; although successful backcrossing with either parental must be rare. This suggests that the hybrid population is functioning as a sink, preventing the introgressive acquisition of new alleles. The genotype-morphotype relationships of the Capitanejo hybrid population supports this concept. Out of 26 individuals, 3 had only alleles of S. townsendi, 10 had alleles of S. townsendi and those unique to this hybrid locality, 11 had alleles of both S. townsendi and S . nicholsi, 2 had alleles of S. nicholsi and those unique to this localitv, and none was founi that had only alLeles of S. nicholsi. Thus, 23 out of 26 individuals, or 88 percent, can be classified as atypical or hybrid individuals; and none of the hybrids can be identified as being F, as noted above. Further substantiation that introgressive hybridization has not occurred' is possible by a cladistic determination of the evolutionary polarity of the marker alleles.
Classification of alleles.-We sought marker alleles to evaluate the genetic contributions of S. nicholsi and < townsendi to the Capitanejo population; if present, these alleles could be donated only by the parental taxa. Most alleles, including those ubiquitous fixed, or shared among S. nicholsi, S. townsendi, S. roosevelti, and the hvbrids. of course will not serve this purpose. The alleles of value are those that are autapomorphic (derived in a single lineage) in either S. nicholsi or S. townsendi. The cladistic argument assumes that for a given locus alleles shared among the in-group and out-group are primitive (plesiomorphic), reflecting nothing more than common ancestry (Hennig, 1966) . Following determination of the plesiomorphic alleles, alleles not shared with the out-group are assumed to be derived (apomorphic); by definition they would have been formed after cladogenesis and are thus diagnostic, because of their within-lineage origins. Table 3 shows that there are eight apomorphic alleles for S. nicholsi: S-Icdh-A", S-Icdh-A', S-Aat-A', S-Aat-Af, Pgma, Ldh-Bb, Iddh-A", and Pep-lb. For S.
townsendi there are two:, M-Icdh-A" and S-Aat-Ab. Cladistically, all S. nicholsi and S. townsendi alleles, except those of SAat-A, are taxon-specific, derived alleles, i.e., autapomorphies. Evolutionary polarity of S-Aat-A alleles cannot be determined because no alleles are shared between either S. townsendi or S. nicholsi and S . roosevelti, our out-group. Although we cannot consider this locus in a strict cladistic evaluation, it is expedient for us to use the S-Aat-A locus, because the alleles serve as taxon-specific markers in regard to the suspected hybrid population.
Distribution of apomorphic alleles.-The distribution of apomorphic alleles confirms that both S. nicholsi and S. townsendi contribute genetically to the suspected hybrids, for apomorphic alleles of both taxa are found in our Capitanejo sample (Table 6 ). The possible genetic affinities of S. nicholsi and S. townsendi cannot be taken without qualification, however, because they are made from a limited data base. Almost certainly, none of the sampled populations of S. nicholsi or S. townsendi has contributed directly to the suspected hybrid population, and, although the geographic distances are small, we cannot assume that all. derived alleles are available in the immediate proximity of the zone of introgression without first considering the uniformity of the allele distributions. A useful measure of geographic uniformity of allele frequencies is Wright's (1965) standardized variance of gene frequency (F,,) . Values calculated for polymorphic loci may range from 0, indicating absolute homogeneity, to 1, showing total heterogeneity and indicating an absolute restriction of gene flow at a particular locus. Our F,, values calculated for variable loci of all sampled populations were .034 and .044 for S. townsendi and S . nicholsi respectively. Because not all variable loci were successfully scored in all populations, the number of populations used for locusto-locus averages of allele frequencies varied, and these F,, values must be con-TABLE 6. The distribution of unique and shared alleles. Alleles that occur only in one taxon or the suspected hybrid population are given in the diagonal. Loci and alleles that are shared by only two of the three categories on the matrix appear to the upper right of the diagonal.
S. town-
' S-Aat-A alleles cannot be shown to be primitive or derived, but under the assumption of hybridization supported by apparently derived alleles the S-Aat-Ab allele of Capitanejo was received from S. townsendi.
sidered only as approximations. They are nevertheless low. Wright (1978) provided F,, values for two species of lizards. Using the allozyme frequency data of Webster and Burns (1973) for 12 populations of A. brevirostris from Haiti, Wright calculated F,, values ranging from .997 to .572 (average = .783). Similarly, F,, values calculated from polymorphic loci in Uta stansburiana (McKinney et al., 1972) ranged from 0 to .324 (average = .233). Our values are comparatively low allowing us to conclude that all alleles are available in the immediate proximity of the zone of hybridization (see Lewontin, 1974; Selander and Kaufman, 1975; and Wright, 1978 for additional comparisions of F,, values.) The probability that any allele of S. townsendi or S . nicholsi can contribute to the genetic structure of the hybrid population depends not only on its ubiquity but also on its frequency in parental populations, and thus its potential elimination by sampling errors among dispersing individuals. Both unique alleles of S. townsendi were found in moderate to high frequencies in all sampled populations of S. townsendi (Table 3) . The allele S-Aat-Ab of S. townsendi is fixed in all samples of S. townsendi, and M-IcdhAa ranges in frequency from .077 to .200 with a mean frequency of .123. On the other hand, four of six unshared alleles of S. nicholsi, S-Icdh-Aa, Pgma, Ldh-Bb, and Iddh-A", are rare with mean allele frequencies in the three sampled populations of S. nicholsi ranging from .010 to .047 (see also Table 3 ). Thus, to some extent the differences in the distributions of apomorphic alleles can be accounted for by possible sampling errors.
Sampling errors cannot account for the absence of S-Aat-Af alleles of S. nicholsi, however; these range in frequencv from .906 to 1.0 and are the most diagnostic allozyme character of S. nicholsi. Their absence from the sample of suspected hybrids is puzzling.
The absence of S-Aat-A alleles is even more puzzling when the proximities of the sample populations are considered. The closest sampled population to the suspected hybrid population is a S. nicholsi vovulation which lies 2 km to the A 1 north (Fig. 1) . Barring unknown barriers to dispersal, this is the population we samvled that is most likelv to have effect on the genetic structure of the hybrid zone.
Unique hybrid alleles.-Five unique apomorphic alleles, alleles not found in any populations of the presumed parents, occur in the suspected hybrid zone (Table 6 ). The contradictory observation of non-parental alleles in hybrid populations is not unknown, however. Hunt and Selander (1973) found rare or unique alleles at five loci in a wide zone of introgression between European Mus musculus domesticus and M . m.~musculus. The authors described no precise mechanism but suggested that alterations of genetic background in hybrid zones relaxed selection that precluded mutant alleles. Recently, Sage and Selander (1979) reported rare alleles in hybrid populations of the Rana pipiens complex and cited in discussion the same vhenomenon in hybridizing populations of the snail genus Cerion. Non-parental alleles have also been found in hvbridizing populations of subspecies of the gopher Thomomys bottae (J. Hafner and J. Patton, University of California, Berkeley, personal communication). Sage and Selander (1979) proposed that rare alleles in hybrid Mus are generated by mutation-like events resulting from the hybridization of dissimilar genomes. A mechanism for such mutation-like events, intracistronic recombination, has been proposed by Ohno et al. (1969) . In the Ohno model, the formation of new alleles is dependent on the number and position of changes along cistrons of incipient heterozygotes. Intercistronic incompatibility drives intracistronic rearrangement, and new alleles are formed. The prediction for allozvme data is that new alleles are likely to occur among loci with a variety of electromorphs that differ markedly in mobility; in other words, polymorphism generates polymorphism .
Among populations of the lizard Agama stellio, Gorman and Shochat (1972) found that only in restricted zones of occurrence of a relatively rare allele of the Ldh-B locus do other rare alleles occur. Perhaps the most inclusive evidence that polymorphism generates polymorphism is that of Koehn and Eanes (1976) who reviewed the large body of allozymic data for Drosophila and found a high degree of correlation between the number of common alleles and the number of rare alleles at a locus.
In hybrid zones, the model of Ohno et al. (1969) predicts that unexpected alleles are likely to occur at loci with fixed allele differences, or at loci with a diversity of unshared alleles. In this study the S-Aat-A locus fulfills these exvectations. Two unique alleles occur in abundance in the suspected hybrids, and in all taxa a diversity of largely un-shared alleles have proliferated implying potential cistronic incompatibility. We speculate that the absence of S-Aat-A alleles of S. nicholsi in the zone of possible hybridization is due to incompatibility with alleles of S. townsendi, and that introgression depends on the formation of a set of alleles compatible with the allele of S. townsendi, which i s the most frequent allele in the suspected hybrid population.
Unique alleles in the suspected hybrid zone also occur at the loci Mpi-A, Pgdh, and Ap. Electrophoretically different alleles are nearly fixed in S. nicholsi and S. townsendi at Mpi-A, but less allelic diversity exists at Pgdh and Ap. Pgdhb is fixed in most populations of S. townsendi and S. nicholsi, and Pgdha is shared by both taxa. At Ap, a single homoealleleic electromorph occurs throughout all non-hybrid populations of all taxa. For these two loci, the correlation of implied allelic incompatibility and unique alleles is lacking. In their study of the Thomomys bottae complex, Hafner and Patton (personal communication) found no correlation between heteroallelism in hybrid and parental populations: six loci exhibiting a variety of rare and unique alleles among hybrids exhibited no variation within or among parental populations. The nature of the phenomenon of rare and unique alleles remains unclear. Therefore, we cannot rule out the possibility that the inconsistencies between variation in hybrid and parental alleles result from the insensitivity of electrophoresis, complex genetic subtleties of zones of hybridization, or epigenetic or post-translational modification.
Speciation and Taxonomic Conclusions.-In summary, we believe the evidence indicates that the hybrid population at Capitanejo is functioning as a hybrid sink preventing the acquisition of alternative alleles via the process of introgressive hybridization. In the absence of evidence for introgressive hybridization, we believe that S. townsendi and S. nicholsi are genetically isolated, a n d species status should be accorded to them.
Hybrid Populations: Micrographic and Paleobiogeographic Considerations.-The hybrid population at Capitanejo occurs in a zone along the southcentral coast of Puerto Rico between the Playa de Ponce and the town of Salinas where the distributions of S. niclzolsi and S. townsendi overlap. This area, characterized by a patchy woods-and-fields environment further disturbed at Capitanejo by the development of a trash dump, has a mosaic of populations that can be identified as typical S. niclzolsi and S. townsendi, or as hybrids. The complexity within the distribution patterns observed for these populations can be ex~lained to some extent within the context of implied habitat preferences, and environmental changes that have occurred in recent geologic history. Although we have not rigorously quantified the habitat preferences of S. niclzolsi and S. townsendi, we can make some generalizations based on collecting experience. For example, S. niclzolsi is typically found in leaf litter and appears to favor shaded environments such as coastal sea grape, dense shrubs, and wooded areas. This habitat preference is reflected bv the tendencv of S. nicholsi to be found in interior xeric woodlands along the south coast of Puerto Rico. In contrast, S. townsendi is more coastal in distribution, frequenting more open habitats such as grassy fields, ruderal situations, and open coastal coconut palm (Cocos) groves. The differences in habitat are not precise, however. Occasionally S. townsendi can be collected from wooded and shaded areas, but interestingly only in the zone of overlap.
A simple paleobiogeographic scenario accounts for the observed overlap in distribution of these two taxa. AS-recently as 8000 YBP, the coastal plain of Puerto Rico extended several kilometers farther south and may have been more open and drier than present (Heatwole and MacKenzie, 1967) . We suggest that the range of S. townsendi was more widespread at this time along the southern coast east to Playa de Ponce perhaps parapatric to the relatively interior populations of S. nicholsi. From 8000 to 6000 YBP, as the southern shoreline retreated, we envisage that the populations of S. townsendi were trapped against irregularities in the southward distribution of more wooded habitat of S. nicholsi. The dispersal of S. townsendi further into the distribution of S. nicholsi was facilitated by the intensive agricultural development of the Europeans which created an environmental pattern of patchy woods-and-fields. This development provided a situation conducive for hybridization between S. townsendi and S. nicholsi.
